Introduction
Rheumatoid arthritis (RA) is a chronic inflammatory disorder characterized by pain and tenderness caused by swelling of synovial joints that often progresses to destructive joint disease, joint damage and impaired joint function. RA is a major cause of sick leave, work disability and reduced quality of life. Consequently, it places a significant financial burden on national economies. In Europe and North America, RA is associated with substantial direct and indirect costs as well as productivity loss. Lundkvist et al. [1] estimated the total health costs (direct, indirect and informal care) of RA to be approximately €45 billion per year in Europe and €41.6 billion in the US.
Abatacept is a selective T cell co-stimulatory modulator administered subcutaneously once a week (an intravenous preparation is also available). It is included in the list of options for use as a first-line biologic disease-modifying antirheumatic drug (bDMARD) in patients with an inadequate response to conventional DMARD therapy in the American College of Rheumatology (ACR) [2] and European League Against Rheumatism (EULAR) [3] guidelines.
Prior studies have analysed the cost-effectiveness of abatacept versus adalimumab in patients with rheumatoid arthritis for whom methotrexate has been providing insufficient response [4] [5] [6] . These studies demonstrated the value of abatacept based on the incremental cost-effectiveness ratio per additional quality-adjusted life year [6] or related health benefits and costs per health gain [4, 5] .
The Abatacept versus adaliMumab comParison in bioLogic-naïvE RA subjects with background methotrexate (AMPLE) trial was a 2-year head-to-head trial comparing the efficacy of subcutaneous (SC) abatacept versus SC adalimumab in adults with RA. The results of the AMPLE trial demonstrated the comparable efficacy of abatacept and adalimumab with similar overall efficacy benefits across all disease activity measures [7] . Anti-citrullinated protein antibodies (ACPA) are a known biomarker for RA and disease progression, but their predictive value for treatment outcomes is not known [7] . A meta-analysis indicated that the relationship between ACPA status and response to therapy has not been elucidated yet [8] but is of interest. Recent post hoc analyses of the AMPLE trial showed improved efficacy for patients with higher ACPA titre levels. The effect was observed in both clinical efficacy measures ACR20, 50, 70 and 90 responses, changes in disease activity score in 28 joints using the C-reactive protein level (DAS28-CRP), and in improvements in the healthrelated quality of life disability index (HAQ-DI) [7] .
Objective
The aim of this study was to evaluate the cost-effectiveness of abatacept relative to adalimumab, both in combination with methotrexate (MTX), in ACPA-positive and ACPAnegative patients with RA from the German, Italian, Spanish, US and Canadian healthcare system perspectives based on data and results performed by post hoc analyses of the AMPLE trial.
Methods

Economic model
A cost-consequence analysis (CCA) from the German, Italian, Spanish, Canadian and US healthcare payer's perspective was performed. This type of economic evaluation is a variant of a cost-effectiveness analysis (CEA) that presents health-related outcomes alongside costs and subsequently their relative value between alternatives, allowing decisionmakers to form their own view of the relative importance of each outcome. In this analysis, direct medical costs associated with the interventions, changes in the response rates, remission rates, and safety profile of patients treated with abatacept and adalimumab were incorporated. A decision analytic model using a deterministic decision tree structure was designed in Microsoft Excel 2010 ( Fig. 1) to calculate monthly costs per responding patient/patient in remission. In line with the AMPLE trial, a time horizon of 2 years was used and given the short time horizon, no discounting was applied.
Patient population
Patient characteristics at entry into the model were based on baseline characteristics from the AMPLE trial which recruited patients from North and South America [9, 10] . Eligible patients were biologic-naïve adults who had a confirmed diagnosis of RA for 5 years as defined by the ACR revised criteria 1987 [11] despite treatment with MTX. Patients had to have active disease, defined as a score of 3.2 on the DAS28-CRP [12] , as well as a history of one or both of the following features: (1) seropositivity for ACPA or rheumatoid factor, and/or (2) an elevated erythrocyte sedimentation rate (ESR) or CRP level. An overview of the baseline characteristics for ACPA-negative and positive patients per quartile had been published previously [10] .
Comparative treatments
Treatment regimens considered in the model were based on the protocol applied in the AMPLE trial as described elsewhere [13] . Briefly, eligible patients were randomized to 125 mg subcutaneous abatacept weekly or 40 mg adalimumab SC bi-weekly. Patients were concomitantly treated with a stable dose of MTX >15 and <25 or >7.5 mg/ week in patients with documented intolerance to higher doses. Addition of hydroxychloroquine or sulfasalazine was allowed; addition of other DMARDs, or other investigational or any approved biologic RA therapies other than abatacept and adalimumab during the study was not allowed. Stable low doses of oral corticosteroids (equivalent to <10 mg prednisone daily) were permitted throughout the trial. Nonsteroidal anti-inflammatory drugs (NSAIDs), including aspirin were permitted [9] .
Clinical inputs
Efficacy-related outcomes in the model were determined by the percentage of responding patients according to ACR or HAQ-DI and the percentage of patients in remission according to the DAS28-CRP, the clinical disease activity index (CDAI) and simplified disease activity index (SDAI) ( Table 1 ). The safety-related outcomes were determined by the incidence of frequent adverse events (AEs), serious adverse events (SAEs) (occurring in ≥5% of patients), local injection site reactions (LISRs), malignancies that are not already included as an SAE and autoimmune disorders. These outcomes were largely based on the estimates reported in the clinical study report (CSR) for ACPA-negative and ACPA-positive subgroups in the post hoc analyses of the AMPLE trial.
Resource use
Resource use included in the model considered resource utilization items related to RA. Study drug dosage and duration, and concomitant medication duration were obtained from the AMPLE trial [13] . Clinical experts provided input regarding the required resources for the treatment, monitoring and management of the disease and its complications (e.g. daily dosage of concomitant medications, number of outpatient visits, radiographic examinations and routine blood tests). Incidence rates for frequent AEs, SAEs, malignancies, LISRs and autoimmune disorders in either group were also based on the AMPLE trial.
Costs
Costs in the model included those for study drugs, concomitant drugs and disease monitoring (outpatient visits, radiographic examinations and routine blood tests). The total global costs and per individual cost component were calculated by combining the frequency of resource use with the unit cost per item. Table 2 provides a breakdown of drug costs per country of interest. Study drug unit costs and concomitant drug costs were obtained from national databases based on the ex-manufacturer's price, including mandatory reductions, pay-back, and only for some countries, the transparent discounts [14] [15] [16] [17] [18] [19] . The average weight of patients from the AMPLE trial (80.5 kg) was used to calculate the costs of weight-dependent medication.
Disease monitoring costs (routine outpatient follow-up visits, radiographic examinations and routine blood tests) were retrieved from the standard rating scale for outpatient services (EBM, Einheitlicher Bewertungsmaßstab) published by the National Association of Statutory Health Insurance Physicians (KBV-Kassenärztliche Bundesvereinigung), Bock et al. [20, 21] for Germany, the government reimbursement tariffs for hospital stays using the relevant diagnosis-related group (DRG) published by Italian Ministry of Health [22] [23] [24] for Italy, the Spanish Ministry of Health [25] for Spain, the Truven Health MarketScan ® Commercial Claims and Encounters [26] for the US and the Ontario Ministry of Health and Long Term Care [19, 27] for Canada (Table 2) .
Costs for managing frequent AEs and LISRs were based the cost of a general practitioner (GP) visit or a day case. SAEs, malignancies and autoimmune disorders were assumed to require hospitalization. The costs for the management of AEs were retrieved from government reimbursement tariffs for hospital stays using the relevant diagnosis-related group (DRG) in each country.
All costs were expressed in the local currency [2015 euros for Italy, 2015 US dollars (USD) for US, 2015 Canadian dollars (CAD) for Canada and 2016 euros for Germany and Spain]. If necessary, costs were inflated using the relevant country's consumer price index. In addition, costs were validated by local clinical and economic experts.
Outcomes of interest
The main outcome measures of interest were the total health benefits and costs per health gain. The costs per health care gain were expressed as the incremental cost per additional responding patient or patient in remission with abatacept versus adalimumab. The achievement of RA clinical response levels was assessed according to ACR20, 50, 70, 90, and HAQ-DI criteria (≥0.3 units). The achievement of remission was assessed in line with the AMPLE trial according to the following thresholds: DAS28-CRP remission, defined as a score of <2.6; ACR/EULAR remission, defined as a CDAI score of ≤2.8 or an SDAI score of ≤3.3. Discontinuation due to any reason, lack of efficacy and safety, risks of SAEs and LISRs were included in the model as safety-related health outcome measures.
Assumptions
It was assumed that (1) AEs reported as SAEs and LISRs are mutually exclusive events; (2) malignancies as AEs are assumed to be treatment-related and are included in the results for costs; (3) treatment of severe and less severe basal cell carcinoma malignancy is the same; (4) treatment of rash as an AE or LISR is the same; (5) national tariffs applied for unit prices are assumed to include all relevant hospitalization costs, such as inpatient and outpatient visit costs; (6) the list of AEs appearing in more than 5% of patients was taken from the overall AMPLE population; any additional AEs that were seen in subgroups of the data were aggregated under 'other AEs'. An average AE treatment cost was applied based on the average costs of the listed AEs.
Analyses
The model simulated 1000 patients (generated from baseline distributions) that were categorized by baseline ACPA The perspective of the local healthcare system was used and included the costs per outcome per member per month divided by the time horizon of the model (2 years). The model ran analyses on patients assigned either to abatacept or adalimumab both in combination with MTX according to one of the six ACPA subgroups levels. The cut offs of ACPA levels that defined the subgroups were ACPA-negative: <25 AU/mL, ACPA-positive: ≥25 AU/mL, and ACPA-positive patients divided into four quartiles: Q1: 28-235 AU/mL, Q2: 236-609 AU/mL, Q3: 613-1046 AU/ mL, Q4: 1060-4894 AU/mL). These cut offs were selected based on the publication by Sokolove et al. [10] , which presents results of the AMPLE trial according to baseline ACPA concentrations.
One-way sensitivity analyses (OWSA) were performed to assess the impact of model inputs on the results for the total incremental costs. All parameters that were represented as a proportion (e.g. percentages) were varied based on their 95% confidence intervals, where available, or by assuming a beta distribution with a standard deviation equal to the mean. Continuous parameters were also varied based on their 95% confidence intervals, where available, or by assuming a triangular distribution with a standard deviation of 30% of the mean. All parameters with a mean of zero were not allowed to vary. Parameters that represent a fixed point, such as time horizon, dosage and duration of bDMARD therapy, concomitant drug prices, cohort size, and patient weight, were not varied as they are not subject to parameter uncertainty.
Additional analyses-indirect costs
Two additional analyses to incorporate the societal perspective and indirect non-medical costs were performed for Germany and Italy. The model calculates societal costs by combining the cost per HAQ-DI response level, where increasing levels indicate less favourable response, and the associated cost for that category. The German analysis included data on indirect costs obtained from a database study of German patients with RA aged 18-64 [28] . In this study, costs (calculated using the human capital approach) were presented as a function of different HAQ-DI categories to highlight the correlation between work productivity and functional capacity in RA.
The Italian analysis included the costs of work absence and productivity loss due to early retirement. The societal costs by functional capacity were taken from an observational study in Sweden and the UK [29] . Mean costs per patient based on Russo et al. [30] were distributed based on the findings of the observational study by Kobelt et al. that found an association between HAQ-DI response levels and increased costs [29] .
The mean cost for work absence was estimated using the number of work days lost per RA employed person multiplied by the daily average income in Italy. The total productivity loss costs were divided by the number of RA patients employed which represents the mean cost per year for an RA patient employed in Italy. The mean costs for early retirement were estimated from the Italian Society Security Agency (INPS) database and referred to inability and invalidity pension. The total pension costs were estimated from Russo et al. [30] and represent the mean annual costs per RA patient receiving a pension in Italy.
Results
Health benefits
In general, total health benefits were higher for abatacept in the ACPA-positive and ACPA Q4 subgroups (Table 1 ). In the ACPA-negative subgroup, total health benefits were higher for abatacept according to all response categories, except for the ACR70. More patients achieved the DAS28-CRP remission criteria with abatacept. Fewer patients discontinued treatment with abatacept for any reason, including efficacy and safety reasons. A lower incidence SAEs MTX methotrexate, NSAIDs non-steroidal anti-inflammatory drugs, na not applicable [19] (30 versus 93 patients) and LISRs (30 versus 130 patients) were observed with abatacept compared to adalimumab. In the ACPA-positive subgroup, total health benefits were higher for abatacept using all remission and response outcome criteria, except ACR50 response and remission based on DAS28-CRP. Fewer AEs were observed in patients treated with abatacept compared to adalimumab, as indicated by the difference in patients discontinuing treatment due to safety reasons (43 versus 99 patients) and the total number of patients with SAEs (43 versus 54 patients) and LISRs (49 versus 94 patients).
In the ACPA Q1 subgroup, total health benefits were higher for abatacept with ACR90 and HAQ-DI response. For all remission criteria adalimumab achieved greater health benefits compared to abatacept. Fewer AEs were observed in patients treated with abatacept compared to adalimumab, as indicated by the difference in patients discontinuing treatment due to safety reasons (48 versus 109 patients) and the total number of patients with SAEs (24 versus 73 patients) and LISRs (48 versus 127 patients).
In the ACPA Q4 subgroup, total health benefits were higher for abatacept across all response categories. More patients achieved remission according to DAS28-CRP, CDAI and SDAI criteria with abatacept. Fewer patients discontinued treatment with abatacept for any reason, including efficacy and safety reasons. Abatacept was associated with fewer LISRs compared to adalimumab (22 versus 78 patients). However, a higher incidence SAEs were observed in patients treated with abatacept compared to adalimumab (22 versus 20 patients).
Costs
When examining costs in Germany and Spain, the total costs for abatacept were lower than adalimumab in both ACPA Q1 and ACPA Q4 patients; however, the difference in costs was lower in ACPA Q4 patients than in ACPA Q1 patients. The incremental costs for ACPA Q1 and ACPA Q4 patients in Germany were −€8,523,373 and −€5,222,805, respectively; and in Spain, −€4,081,075 and −€2,266,701, respectively. The main driver for the increased costs for abatacept in ACPA Q4 patients when compared with ACPA Q1 patients was the cost of acquiring abatacept or adalimumab (approximately 90% of the total costs). However, in both Germany and Spain, abatacept was still cost saving versus adalimumab.
For Italy, the US and Canada, the total costs for abatacept were lower than adalimumab in ACPA Q1 patients but higher in ACPA Q4 patients. The incremental costs for ACPA Q1 and ACPA Q4 patients in Italy were −€610,999 and €362,457, respectively; in the US, −$4,268,568 and $7,693,313, respectively; and in Canada, −$620,436 and $3,157,567, respectively. The main drivers for the increased costs for abatacept in ACPA Q4 patients was the cost of acquiring abatacept or adalimumab in Canada, the costs of managing malignancies in Italy, and the costs of managing SAEs, acquiring abatacept or adalimumab and concomitant medications in the US.
Incremental costs per health gain
Incremental costs per health gain across all countries according to ACPA status are reported in Table 3 . In ACPAnegative patients, the cost per responding/remitting patient when using ACR50, ACR90, HAQ-DI and DAS28-CRP was lower for abatacept compared with adalimumab across all countries. In ACPA-positive patients, results were more consistent with almost all outcomes included in the model showing results in favour of abatacept (except for ACR50 response and DAS28-CRP remission in Italy, US and Canada).
In ACPA Q1 patients, the cost per responding/remitting patient using ACR20, ACR90, HAQ-DI was lower for abatacept compared with adalimumab across all countries. In ACPA Q4 patients, all outcomes included in the model showed results in favour of abatacept across all countries. For ACR response outcomes, as the stringency of response criteria increased (ACR20 to ACR90), the cost savings also increased for abatacept relative to adalimumab.
One-way sensitivity analyses
The results of the OWSA across ACPA subgroups showed that the unit cost of abatacept and the unit cost of adalimumab were the most influential parameters in Germany, Spain, US and Canada. Increasing the unit cost of abatacept or decreasing the unit cost of adalimumab resulted in abatacept no longer being cost saving relative to adalimumab. For all the remaining parameters, abatacept remained cost saving relative to adalimumab. In Italy, for ACPA-negative patients, the incidence of lung cancer and the incidence of malignant melanoma in the adalimumab arm were the two most influential parameters. Increasing the incidence of both of these led to abatacept no longer being cost saving relative to adalimumab. For ACPA-positive patients, the incidence of lung cancer in the abatacept arm and the incidence of small cell lung cancer in the adalimumab arm were the two most influential parameters. However, only increasing the incidence of lung cancer led to abatacept no longer being cost saving relative to adalimumab. For ACPA Q1 patients, the incidence of small cell lung cancer in the adalimumab arm and the incidence of mycoplasmal pneumonia in the abatacept arm were the two most influential parameters. However, abatacept remained cost saving relative to adalimumab even when both of these were increased. For ACPA Q4 patients, the incidence of lung cancer and prostate cancer in the abatacept arm were the two most influential parameters. Decreasing the incidence of both of these resulted in abatacept being cost saving relative to adalimumab. Whilst the incidence of various malignancies was the most influential parameters in Italy, it is worth noting, that the actual incidence of malignancies reported in the AMPLE trial was very low [4] . The results of the OWSA for ACPA-positive patients for all countries are presented in Fig. 2 in the form of a tornado diagram depicting the impact of the ten most influential parameters on the difference in costs between abatacept and adalimumab.
Additional analyses-indirect costs
Results of additional analysis including societal costs for Germany and Italy are presented in Table 4 . In line with the results across all subgroups reported above, cost per responder and cost per patient in remission more consistently favoured abatacept compared to adalimumab in ACPA-positive versus negative patients and ACPA Q4 versus ACPA Q1 patients. The cost-effectiveness of abatacept compared with adalimumab improved when indirect costs are included. These results were consistent across all three countries.
Discussion
The current cost-consequence analysis (CCA) was performed to assess the cost-effectiveness of abatacept in ACPA subgroups from the AMPLE trial from the health care payer perspective of Germany, Italy, Spain, US and Canada. The six subgroups of interest were ACPA-negative patients, ACPA-positive patients and ACPA-positive patients divided into four quartiles according to their ACPA levels. A CCA was chosen, as it presents the results for health benefits as an array of outcomes to allow the decision-makers to form their own view of the relative importance of the health-related outcomes. In the field of RA, where an increasing number of costly biologic treatment options are available to patients, interest in personalized medicine grows. Biomarkers as predictors of response are the subject of an increasing number of studies. ACPA titres are biomarkers that could predict differential responses to biologic treatment over time as has been shown in the AMPLE study.
This CCA demonstrated that the health economic value of abatacept compared to adalimumab across all subgroups and all countries was more pronounced in patients with higher ACPA serum levels. Cost savings were also greater when more stringent response criteria were applied. When indirect costs were included in the model for Germany and Italy, the cost-effectiveness of abatacept compared to adalimumab was further improved. Not considering indirect costs can lead to the potential underestimation of the cost-effectiveness of abatacept compared to adalimumab in patients with RA. The acquisition costs of abatacept and adalimumab were the most influential parameters identified in the OWSA across all subgroups and countries except for Italy.
There are a number of limitations to this study. First of all, the 2-year-time horizon is short considering the young age of onset (i.e. 51 years) and the chronic progressive nature of the disease. Extending the time horizon would require either longitudinal data from the trial, which is not available, or simplifying assumptions for subsequent treatment sequences which is impractical given the various therapy options that are possible in RA [31, 32] . Rather than extend the analysis beyond the available AMPLE data by applying assumptions, it was preferred to perform a more robust analysis relying only on the data from the trial. Nevertheless, economic evaluations usually use short time horizon for the treatment of RA, which is likely a result of the same reasoning made in the present study.
Another limitation pertains to the use of assumptions for the frequency of treatment episodes for AEs that are chronic in nature, such as chronic obstructive pulmonary disease (COPD), malignancies and autoimmune disorders. In addition, the AMPLE was not designed to estimate the efficacy of abatacept SC versus adalimumab SC in ACPA subgroups. A post hoc analysis was performed to elicit the results of these comparisons. Therefore, the number of patients per subgroup is low and the RCT may lack power to estimate significant differences between subgroups. However, even though the trial was not designed to estimate differences between subgroups of patients, Sokolove et al. 2015 [10] found an efficacy pattern in favour of abatacept for quartiles with higher ACPA levels [10] .
A third limitation of this study is that the current model estimates the costs associated with common adverse events based on the list of adverse events belonging to the entire AMPLE population. Any additional frequent adverse events occurring that were not in common with the entire AMPLE population were aggregated and added to the model as 'other adverse events'. An average adverse event cost was then assigned to this category. This approach may have resulted in an over-or underestimation of costs depending on the severity of the adverse events. However, it is assumed that this under-or overestimation has been applied across the board of subgroups and the results of the CCA would not be influenced by this assumption.
Given the increasing number of expensive biologic treatment options, further research is needed in patients with rheumatoid arthritis to help identify subgroups of patients in which treatments are particularly cost-effective. While the quartile thresholds from the AMPLE trial do not exactly match those used in clinical practice; they do suggest subgroups of patients that are likely to benefit the most from abatacept. This knowledge can be used to both benefit patients and reduce the economic impact for national health care systems.
Conclusion
Across all countries studied the cost per responder and cost per patient in remission was more pronounced for abatacept compared to adalimumab in patients with high ACPA serum levels, a marker of poor prognosis. Cost savings were greater with abatacept when more stringent response criteria were applied and also with increasing ACPA levels. For this patient population, this could lead to a lower overall health care budget impact with abatacept compared to adalimumab in Germany, Italy, Spain, US and Canada and highlights the potential of using ACPA levels to guide prescribers when choosing a bDMARD. ACR20  -€700  -€154  ACR50  -€1384  -€534  ACR50  -€623  -€33  ACR70  €1622  €1301  A CR70  -€1920  -€644   ACR90  -€15591  -€7552  ACR90  -€12916  -€6426  HAQ-DI  -€3889  -€1976  HAQ-DI  -€973  - 
